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Main features of Qucs-S package

Qucs-S 0.0.19 is the first release of the Qucs-S: unofficial spin-off of Qucs. Main
features:

@ Ngspice, XYCE, SpiceOpus, and Qucsator user-selectable backends;
@ Backward compatible with Qucs by the component types and simulations

@ Direct support of SPICE models from components datasheets. SPICE model
could be added to schematic without any adaptation.

@ Basic SPICE components: RCL, BJT, MOSFET, JFET, MESFET, switches;
@ Advanced SPICE components: B-sources and RCLs, transmission lines;

@ Direct support of SPICE Modelcards, SPICE sections (.IC, .NODESET);
Parametric circuits (.PARAM) and SPICE postrprocessor (Nutmeg)

@ Basic (DC, AC, TRAN) and advanced (DISTO, NOISE) SPICE simulations;
Single-tone and Multitone Harmonic balanace analysis with XYCE backend;

@ Script simulations: Nutmeg script and XYCE script;
Qucs-S subproject website: https://ra3xdh.github.io/
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The look of Qucs-S main window

o JFET mixer simulation with Qucs-S. Nutmeg script is used for spectrum
analysis.
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Qucs-S binary packages

@ Debian packages are available here:
http://download.opensuse.org/repositories/home:/ra3xdh/

@ Windows Installer: https://github.com/ra3xdh/qucs/releases/download/0.
0.19S/qucs-0.0.19S-setup.zip

Downloads  Support  Co

ity  Development

NSUSE Bild Senvice > Pr

home:ra3xdh > Ques-S Sign Up | Log In

Repositories  Revisions Requests Users Advanced
 ovevew |

Ques-S [ Download package

Ques with SPICE features enbalsd

W Rpmiint Results
source Files

Ques-s

Rd entiies SEaCh Debian 70  @BiS86  su

Filename + Size Ghanged Actions S0 18664 U
debian changelog 131 Bytes 28 days ago 3 DEia TOR R
debian compat 1Byte 26 days ago P B Su'xs6_64 s
debian.control 578 Bytes 28 days ago pl XUbuntu_Ls.04 01886 su
debian rules 844 Bytes 3 months ago pl S0 x86_64 su
packagehame.dsc 301 Bytes 28 days ago P XUbuntu_16.04 3 586 u
ques-0.0.195 targz 107 MB 28 days ago 3 x86_64 su
Showing 1 to 6 of 6 entries P 1 Next

Latest Revision

) Vadim Kuznetsov (ra3xcn) committed 26, 02ys g (revision 26)

Files changed [ Browse Source

Comments for home:ra3xdh (0)
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@ The original Qucs EDD had only 8 maximum branches allowed. It was extended
up to 20 maximum branches to enable construction of more complex compact
models.
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EDD and XSPICE model equations

EDD could be described by the following equations set

@ Current equations:

h = (W,
In = fn(Va,
@ Charge equations:
Q1 = m(WV1,
Qn = hn(V1,

e Vi,

Vi,

oV, h,

c Vi k.
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XSPICE model equation set

XSPICE model equation set:

@ Current equations with capacitance addition:

oQ1(V) dV.

b=V, Vi e In) + aﬁ )~gf )
1

oQn(V) dV,

/N::m(ww.wvah.n,m)+47§§42-75! (6)
N
@ Partial derivatives of current:

ah 9 0Qu(V)
1 L AV, Vil - dt 7
avi ~ oy, v Wl In) 5 )

aly 9 aQn(V)
N T (M, Vil )+ e 8
Ve = BVn v(Vi, - Ul ) + OV (8)

@ AC gain matrix
G -+ Gm
(Gac) = ©)
Giy - Guy
ol;

G," = Y: 10
ij 8\/j +J ij ( )
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XSPICE "turn-key” model generation compiler system dataflow diagram

Schematic
iy
compact model Extract CodeModels
1—4 source tree
func.mod XSPICE CodeModel *.od and *.ifs
ifspec.ifs $WORKDIR/qucs_cmlib/ Make rules
XSPICE Generic Makefile file *.mk
device XSP_CMod1 .
Library spice netlist() I: i;:n:émgﬁs
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udnpath.lst
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Compilation
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Data visualization

8/19



Main features of the XSPICE CodeModel synthesizer

Main features:

Synthesize XSPICE C-code
and interface description
from EDD schematic view;

Access to code synthesizer
from right-click on the EDD
component;

Synthesizer generates a pair
of MOD and IFS files from a
single EDD;

Automatic recognition of
model parameters and
dependent variables;

Automatic symbolic
computation of partial
derivatives and AC gain
matrix using Ginac
embedded CAS library;

@ XSPICE synthesizer context menu

Num=1 b
XSPICE_Type=gd
ounded=P2.
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The structure of the XSPICE models synthesizer

@ Ginac http://www.ginac.de/ library is used for symbolic computation of partial
derivatives and AC gain matrix;

@ Interface description file (*.IFS) is generated from subcircuit symbol or from the
EDD and attached equations;

@ Model description (C-code *.MOD) is generated from individual EDDs;

Schematic View XSPICE Model

IFS file:
1. Ports description
2. Parameters description

Subcircuit parameters

Parametric equations

EDD
MOD-flie (C sources):
Current equations > 1. Init Section
2. DC and TRAN section:
Charge equations — > - current equations
»- - partial derivatives
Ginac: » 3. AC section: gain matrix
compute
derivatives
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Tunnel diode XSPICE model

Schematic view

XSPICE sources

/* XSPICE codemodel tunnel auto-generated template */

VT=(kB*Temp0)/q

D1
11=Is*(exp(V1/VT)-1.0)

Q1=C'V1 —1

#include <math.n>
SuB #include "xspice_mathfunc.h”
File=name
Is=1e-12 void cm_tunnel(ARGS)
{
P1G- Complex_t ac_gain@e;
static double Is,Iv.K1,Vv,Ip,Vp,C,Tempo;
static double VT
static double V1,V1_old;
double QO, cQ0; double delta_t;
7 PFCINIT) |
Temp0=300 Is = PARAM(is); Iv = PARAM(iv);
P1 o K1 = PARAM(K1); Vv = PARAM(VV);
Num=1 An . >>1p = PARAM(ip): Vp = PARAM(vp); C = PARAM(C):
P~ Equation Temp® = PARAM(temp0);
>>VT=8.6173402243760290e-05*Tempo;
Egn1

¥
i (ANALYSIS 1= AC) {
if (TIME == 0) {
Vi_old = V1 = INPUT(An_Ka);
Q0=6.0; cQ0=0.6

} else {

V1 = INPUT(An_Ka);
_t=TIME-T(1);

€)*(V1-V1_old)/(delta_t+le-20);
(0)/(delta_t+le-20);
Viold = Vi;

)
OUTPUT (An_Ka) Is*( exp(1.0/VT*V1)-1.0)+
exp(-( Vv-V1)*K1)*Iv+exp(( Vp-V1)/Vp)*Ip/Vp*Vl + QO;

© ~ = I2=lv*exp(K1*(V1-Wv))
13=Ip*(V1/Vp)*exp((Vp-V1)/Vp)
Y/Jra
P2
O Num=2

'

Press button

"Generate MOD"

P> PARTIAL (An_Ka,An_Ka) = Ip*exp(1.6/Vp*(Vp-V1))/Vp+
1.0/VT*exp(V1/VT) *Is-Ip*exp(1.0/Vp* (Vp-V1))/ (Vp*Vp) *V1+

Iv*K1*exp((V1-Vv) *K1) + cQO;

} else {

ac_gainG0.real = Ip*exp(1.0/Vp*(Vp-V1))/Vp+
1.0/VT*exp(V1/VT) *Is-Ip*exp(1.0/Vp* (Vp-V1))/ (Vp*Vp) *V1+
Tv*K1*exp((V1-Vv) *K1);

ac_gain00.imag = (C)*RAD_FREQ;

AC_GAIN(An_Ka,An_Ka) = ac_gain@;

}

}
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Two-port testbench model: vacuum triode

@ Triode is one of the simplest possible compact models. Triode equations:

lgrid =0 (11)

1 V. y 1.5
Iplate = E (Vgrr'd + %) (12)

@ Model parameters are: p, Kg, Cgrig, and Cpjate;

@ Additional equations are required to implement XSPICE model (two partial
derivatives and AC gain matrix):

alplate 1.5 Vplate
8plate = 9Vplate = Kg grid ( )

al, plate ]-j Vplate

8p.k. = = ——— + Viria (14)
i 8Vgrid Kg 123 &
jwC, 8p.k
Gac) = 747® p-k. 15
( AC) ( 0 8plate +,/wcp/ate ) ( )
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Triode EDD implementation and auto-generated XSPICE Code

CpaSo-12

L O
gid | Numea

N2 h—lpwe

O

kathodo

o1
11-0 P
Q1-Cgvt
i

- met
(VA V2imu)>0)((((V1+V2imul)1.5)kg1):0
V2

/* XSPICE codemodel triode auto-generated template */

#include <math.h>
#include "xspice_mathfunc.h”

void cm_triode (ARGS)
Complex_t ac_gain00, ac_gaindl, ac_gainlo

static double Cg.mu.kgl,Cp, V1,V2,V1 old,V2
double Q0, cQ0, Q1, cQl; double delta_t;

ac_gainil
old:

PECANIT)
Cg = PARAM(cg): mu = PARAM(nU): kgl = PARAM(kgl): Cp = PARAM(cp)

>
Pf(ANALYSIS 1= AC) (

if (TINE
Vi_old = V1 = INPUT(grid_kathode): V2_old = V2 = INPUT(plate_kathode)
Q0=0.6: cQO=0.0; Q1=0.0; cQ1=0.0

) else (

V1 = INPUT(grid_kathode); V2 = INPUT(plate_kathode):
delta_t=TINE-T(1);

Q0 = (Cg)*(V1-V1_old)/(delta_t+le-20);

Qo = (Cg)/(delta_tele-20)

Q1 = (Cp)*(V2-V2_0ld)/(delta_t+le-20);

Q1 = (Cp)/(delta_t+le-20);

Viold = V1; V2_old = V2;

)

OUTPUT(grid_kathode) 0.0

OUTPUT (plate_kathode) = (LV]'Vl/muVO?’Fowl V14V2/mu,1.50) /kgl:0.0 + Q1

PARTIAL (rid_kathode,grid_kathode) = 0.0 +

T PARTIAL (grid_kathode,plate_kathode) = 0.0

PARTIAL (plate_kathode.grid_kathode)
((V1+V2/mu)36) 7150+ Xpow (V1+V2/mu 6. 50) /kg1:0.0

PARTIAL (plate_kathode, plate_kathode)
((V1#V2/mu)>0)?21.50*Xpow (V2/mu+V1,0.50) /mu/kgl:0.0 + cQl

) else

ac_gainee.real = 0.6;

ac_gainge. inag = (Cg)*RAD_FREQ

AC_GAIN(grid_kathode, grid_kathode) = ac_gain@e;

ac_gain@l.real = 0.0; ac_gain@l.imag = 0.6

ACGAIN(grid_kathode plate_kathode) = ac_gain

ACeanL real = ((VLVR/aE) 20071, S0 Kpom VL VR /mu.0.5) k110,05

o

ac_gain10.imag = 6.0
AC_GAIN(plate_Kkathode.grid_kathode) = ac_gainle

ac_gainil.real = ((V1+V2/mu)>0)?1.50*Xpow(V2/nu+V1,0.5)/mu/kgl:0.0;
ac_gainll.imag = (Cp)*RAD_FREQ;

AC_GAIN(plate_kathode  plate_kathode)
}
)

= ac_gainll

DC sweep simulation result

dc simulation Parameter
oc1
Stop=240 Stop=0
Points=120 Poinis=5
002
0015
001
0005
04
20 40 60 8 100 120 140 160 180 200 220 2

vawoop
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Fowler-Nordheim diode model

) Auto-synthesized XSPICE code
Fowler-Nordheim diode

Subcircuit symbol

pr janodo /* XSPICE codemodel fw_diode auto-generated template */
Nomet piof Sfer2
#include <math.h>

sug

Floenane #define D_o_step(x) (8)

! #define step(x) ((x)>0.071.0:(((x)==0)70.5:0.0))

i

chetes #define Xpow(x,p) pow(fabs((x)). (p))

or-to8

fi=to-10 Void cn_fu_diode (ARGS)

jrete-10 -

B Complex_t ac_gain0e
Typemexplcit static double w.1.jf. tox.ef.jr.er
11=(V1520) 2 W PlooxV1) static double V1.V1_old
Q1=(3.4531430-11°W100)"V1 double Q0. cQO

double delta_t

4

Jcathodo
PEANIT) (

b2 W= PARAM(H) ;

Nome2 1= PARAM(L);

Jf = PARAM(if)
tox = PARAM(tox):

ef = PARAM(ef)
jr = PARAM(Ir)
er = PARAM(er)

)
T (ANALYSIS 1= AC) {
i 3
V1_old = VI = INPUT(anode_cathode) :
Q0=6.0:
€Q0=0.0

VI = INPUT (anode_cathode)
a_t=TIME-T(1):

Q0 = (3.4531430000000001e-11"1/tox*w) * (V1-V1_old)/ (delta_t+le-20):

Q8 = (3.4531430000000001¢-11"1/tox"w)/ (delta_t+1e-20);

Vi_old =

OUTPUT (anode_cathode) = (V1>=0)7
£*(V1*VI) *u*exp(-ef /V1*tox) / (tox*tox) *1
“jreexp(er/Vi*tox) * (VI*V1) *w/ (tox*tox) *1 + Q0;
PARTIAL (anode_cathode ,anode_cathode) = (V1>=0)?
2.0%1.0/(tox*tox) *1*exp(-tox*ef /V1)*J f*V1*u+1.0/tox" L exp(-tox*ef/V1) *jf ef u
~2.0%1.0/ (tox*tox) *1*jr*V1*wexp(tox*er/V1)+1.0/tox* 1* jreer*u*exp(tox*er/Vl) + cQO
) else (
ac_gain0e.real = (V1>=0)?
2.0%1.0/(tox*tox) *1*exp(-tox*ef/V1)*J f*V1*u+1.0/tox"L*exp(-tox*ef/V1) *jfref *u
~2.0%1.0/ (tox*tox) *1*jr*V1*w*exp(tox*er/V1)+1.0/tox*1*jrer*u*exp(tox*er/V1l)
ac_gain0e. imag = (3.4531430000000001c-11"1/tox*w) *RAD_FREQ
AC_GAIN(anode_cathode, anode_cathode) = ac_gaind0:

ngspice.
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U=1v
"~ £=1000 kHz

.FUNC entry: user-defined SPICE functions

@ .FUNC pseudo-component is placed at the "SPICE specific section group”

@ .FUNC entries prepend components description in the auto-generated netlist

FUNC

amul(x.y)=(x"y}

[Ediuation

Eqnt

©=Cp. Cp=1000p
As=amul(0.5,2k).

Kv=out.v/in.v

ac simulation

AC1

Type=log
Stant=100 Hz
Stop=1000 kHz
Points=121

transient
simulation

°
®

TR
Type=iin
Start=0
Stop=10u
Points=200

ngspice/ac kv
o . o
NS

o
N




.FUNC entry: user-defined SPICE functions

o Diode model implementation with Ngspice and limexp() function:
I=1Is|exp v -1 (16)

@ Schematic and auto-generated SPICE netlist:
SPICE netlist

FUNC ‘

SpiceFunct PARAM

limexp(x)={x<80?exp(x):(exp(80)* (x-79))} il
SpicePart * Qucs 0.0.19 /tmp/func_demo.sch
Is=1e-12

> . FUNC limexp(x) = {x<80?exp(x):(exp(80)*(x-79))}
.PARAM Is = le-12
.PARAM Vt = 0.026
.PARAM N = 1.5
V1l _net®6 © DC 1

0)-1)

VPrl _net® a DC ©

::i, Bl a 0 I = Is*(limexp(V(a)/(N*Vt))-1)
tos 4 .control
tes echo "" > spicedqucs.cir.noise
= te7 1 Senos echo "" > spicedqucs.cir.pz
£ 108 7 Points=200 dc vl 0.01 0.8 0.00395
8 1e9 7 write func_demo_dc.txt VPrl#branch v(a)
2110 destroy all
tett 7 reset
te-12
R 02 04 06 08 exit
vsweep .endc
.END
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Include scripts: run some SPICE code before components initialized

@ Include scripts allow to place some custom SPICE code (parameters, options,
function definitions) before components initialization and edit this code manually.




Conclusion: Plans for future

Possible new directions in XSPICE synthesizer development:
@ Synthesize a more complex XSPICE models: EKV, GaN HEMT, etc.;

@ A new generation of components: source based components. The
C-source is dynamically synthesized and compiled before the simulation;

@ Link symbolic computations libraries to XSPICE kernel: perform symbolic
computations at simulation time;

o Extend a library pre-synthesized XSPICE models shipped with Qucs-S
(currently having the tunnel diode library).
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Conclusion: Plans for future

Plans for the next Qucs-S 0.0.20 release:
@ Include an XSPICE code synthesizer;
@ The support for .FUNC and Include scripts;
@ Improvements in XYCE support: new components and .SENS analysis;
o Ngspice digital library;
@ Synchronize code base with mainline Qucs and bugfixing;
o Release date scheduled: Summer 2017;
Source code available at:

o Stable and release candidates:
https://github.com/ra3xdh/qucs/tree/qucs-s-stable

@ Development branch:
https://github.com/ra3xdh/qucs/tree/spiced4qucs_current
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